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bstract
Salvadora  persica  L., also known as the toothbrush tree (Miswak), has been used since ancient times as a chewing stick for oral
ygiene. Miswak is a natural source of many unique phytochemicals, which are described by traditional medicine as a remedy for
arious disease symptoms with beneficial properties. The availability and richness of biologically active compounds and minerals,
elated to oral and dental health, in Miswak makes it a superior tool for oral hygiene and a barrier against general pathogens
hat enter the human body through the mouth. This study investigates the presence of antimicrobial agents in Miswak extracts
ased on their polarity in different solvents. The results show that Miswak contains more than one type of antimicrobial agent that
nhibits the growth of both gram positive and negative bacteria. The zone of inhibition for three different extracts was measured
n Escherichia  coli, Staphylococcus  aureus, Lactobacillus  acidophilus, Streptococcus  mutans  and Pseudomonas  aeruginosa; the
esults show a strong antimicrobial activity in the aqueous extract and less activity in alcoholic and nonpolar extracts.
 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Oral hygiene is one of the most important daily rou-
ine practices and keeps the mouth and teeth clean and
revents many health problems [1]. Modern dental care∗ Corresponding author at: Al Jameaat Street, PO Box 344, code:
0002, Taibah University, Al-Madinah Al-Munawarah, Saudi Arabia.
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658-3655 © 2015 The Authors. Production and hosting by Elsevier B.V. on 
C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).tools are designed to provide both a mechanical and
chemical means of removing plaque and food residues
from the surface and spaces between the teeth. Through-
out history, people have been using different tools and
chemicals to maintain their oral health, such as chew-
ing sticks, tooth brushes, gum, mouth wash, toothpaste
and floss, which are all believed to evolve from botani-
cal origins [2,3]. Chewing sticks are considered the most
popular among all of the dental care tools for their sim-
plicity, availability, low cost and their traditional and/or
religious value [1,3]. Chewing-sticks were used by thebehalf of Taibah University. This is an open access article under the
Babylonians more than 7000 years ago [2]. Currently,
in the Muslim world, the use of Miswak as a chewing
stick is highly recommended as a Sunnah practiced by
the prophet Mohammad (peace be upon him) and his
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Table 1
Phyto-chemicals found in S. persica and their benefits for oral and dental health.
# Chemical Benefit to oral health Reference
1 Sulphur Antibacterial effect
[5]2 Chlorides, fluorides Enemal remineralization
3 Vitamin C Tissue healing and repair
4 Tannins, Reduce plaque and gingivitis
[28]5 Silica Removing stains6 Alkaloids Antibacterial activity
7 Benzyl isothiocyanate Prevent cariogenic and genotoxic compounds
9 Essential oils Flow of saliva and buffering pH [13]
10 Butanediamide Antimicrobial agent [29]11 N-benzyl-2-phenylacetamide Antimicrobial agentcompanions to achieve daily dental care, and the prophet
emphasised the importance of using Miswak for oral
hygiene [3].
Salvadora  persica  Linn. (Miswak) is a small ever-
green tree that belongs to the Salvadoraceae family [4].
The S.  persica  tree can reach up to 3 m tall and has thick
succulent small leaves [5]; new stem branches are green
to greyish in colour while old branches are dark brown
[6]. The scientific name of S.  persica  was given to the tree
after classifying the first sample in 1598 by the Spanish
botanist, Dr. Laurent Garcin, who collected the specimen
from the middle-east [4]. The tree is globally known as
the toothbrush tree or chewing-sticks; it has many local
names in different geographical regions such as Miswak
or Arak in the Arab world, Koyoji in Japan, Qesam in
Hebrew, and Mastic in Latin [7].
The suitability of Miswak chewing sticks as a dental
care tool is achieved mechanically by the ability of its
fibres to reach in between teeth and also chemically by
the richness of its phyto-constituents, which are unique
in their complexity and biological activity. Previous stud-
ies have demonstrated the richness of S.  persica  Miswak
for the minerals and phytochemical components related
to dental care, which is shown in Table 1. Many studies
focus on extracted chemicals, such as β-sitosterol [8],
glycosides [9] and organic compounds like pyrrolidine,
pyrrole and piperidine derivatives [10], which are bio-
logically active and described as remedies for joint pain,
spleen troubles, gonorrhoea, skin diseases and stomach
ulcers [6,11]. Chlorides and fluorides in Miswak extracts
were also shown to be important elements to remineral-
ize teeth enamel along and showed antimicrobial activity
[12]. The Miswak sap is reported as a stimulant of saliva
production with a pH buffering capacity [13], the ability
to remove the dental plaque layer [14], remineralization
of the enamel layer [12] and shows a strong antimicrobial
activity [1].Exploring the antimicrobial activity of S. persica
is still in its early stages, where crude and alcoholic
extracts have shown general effectiveness against some
pathogenic bacteria and fungi [2,11,15] such as Bacillus
subtilis, Escherichia  coli, Lactobacillus  brevis, Proteus
vulgaris, Staphylococcus  aureus, Streptococcus  mutans,
Lactobacillus  acidophilus, Pseudomonas  aeruginosa,
Aspergillus  niger, and Candida  albicans  [11,15,16]. The
biological activity of a few of S.  persica’s fraction-
ated phytochemicals were investigated and reported,
such as benzyl isothiocyanate [17] and β-sitosterol [8],
which inhibit the cariogenic and genotoxic compounds
accumulated on the surface of the teeth. The toxicity
of S.  persica  extracts was reported in high concentra-
tions and exceeded 5 g/kg of the mammal’s body weight
[18].
The polar nature of chemical compounds and the
choice of solvents are major factors in determining the
solutes and their activity in the performed extracts [19].
Nevertheless, it has been reported that a high mineral
content, dissolved inorganic compounds and anionic
components in the extract, such as chlorides, fluorides,
sulphur, cyanides, and heavy metals, possess a broad
antimicrobial activity [20,21] by disrupting the bacterial
cell wall, disrupting the transport system, inhibiting oxy-
gen uptake, and leading to oxidative stress in bacteria or
causing immediate toxicity and death [21,22]. The phy-
tochemical constituents in S.  persica  were shown in an
earlier study to be selective in their polarity, where alka-
loids, flavonoids, quinones, and glycosides were more
soluble in fresh samples with a higher water content [16]
than alcoholic extracts. However, nonpolar compounds
in S.  persica, such as essential and volatile oils, were
reported to possess antimicrobial activity against human
pathogenic bacteria and fungi [23,24], in addition to its
role in buffering the pH of saliva and removing the plaque
layer [13].
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In this study, the antimicrobial activity of Mis-
ak extracts is investigated against known pathogenic
acteria and natural bacterial flora found in the saliva,
ompared to commercial toothpastes. The goal of this
nvestigation is to find the difference between Miswak
xtracts performed by different polarity solvents; water
9), ethanol (5.2) and hexane (0) according to Snyder’s
olarity index along with the general effect of minerals
ound in S.  persica  and its antimicrobial activity.
.  Materials  and  methods
.1.  Miswak  samples
Miswak samples were purchased from a local mar-
et at Al-Madinah Al-Munawara, KSA. The sticks were
ried in a 55 ◦C oven for three days and then sliced into
iscs or ground into a fine powder using a coffee grinder.
he Miswak extracts were prepared by adding 40 g of the
iswak powder to 200 ml of solvent (water, ethanol and
exane) in a closed container and soaked at room tem-
erature for 48 h. The solvents were filtrated through a
hatman No. 1 filter paper and allowed to evaporate in a
0 ◦C oven for 72 h. The dried extracts were considered
00% pure and used to prepare different concentrations
y using the same solvents (100, 250 and 500 g/ml).
wo commercial toothpaste brands, TP1 and TP2, were
urchased from a local market and allowed to dry, ground
nd used as a control for all of the antimicrobial tests
t the concentration of 100 g/ml. The Miswak mouth
ash was prepared by dissolving 250 mg of dried extract
n 1 L of distilled water.
.2.  Saliva  samples
Saliva samples were collected from 40 Taibah Uni-
ersity students with their consent and in two stages; the
rst stage was immediate sampling of the saliva and the
econd stage was after 1 min of gargling for 45 s with
iswak mouth wash. All of the samples were collected
rom students who did not use Miswak and the collection
ime was between 10:00 am and 12:00 pm. The saliva
amples were measured for their pH and used for the
otal bacteria count.
.2.1.  Bacterial  count
The bacterial count was achieved by diluting the
aliva samples 1–10 in distilled water and spreading a
00 l of diluted saliva samples, before and after Miswak
outh wash, on LB agar media alone or supplemented
ith 100 g/ml of water, ethanol and hexane extracts or
00 g/ml of toothpastes, TP1 and TP2, for comparison.niversity for Science 10 (2016) 513–520 515
A total of three plates were cultured for each sample. The
plates were incubated at 37 ◦C for 48 h and the colonies
were counted using a colony counter. The experiment
was repeated three times for statistical analysis.
2.3.  Bacterial  strains
Pathogenic bacterial strains; E.  coli, Staph.  aureus,
Strep. mutans, L.  acidophilus  and P.  aeruginosa  were
collected from a local hospital in Al-Madinah Al-
Munawara and tested for their survival using extract
discs.
2.4.  Extract  discs
The extract discs were prepared on 6 mm Whatman
paper discs with a drop of 10 l of water, ethanol and hex-
ane extracts from the prepared concentrations; 100, 250
and 500 g, respectively. Toothpaste controls, TP1 and
TP2, were also blotted on 6 mm Whatman paper discs at
the concentration of 100 g. The discs were allowed to
completely dry at room temperature before use.
2.4.1. Disc  diffusion  assay
A disc diffusion assay for antimicrobial activity was
performed by growing the bacteria in 2 ml of liquid LB
medium for 24 h at 37 ◦C in a shaking incubator. The
actively growing bacteria were adjusted to a final den-
sity of 108 cfu/ml [25] and used as a seed to inoculate
1 L of LB agar media before plating. After pouring the
seeded LB agar, the extract discs were added on top of the
solidified media along with a 10 g ampicillin and 30 g
kanamycin commercial discs as controls. The plates with
extract discs for each bacterial strain were kept at 4 ◦C
for 2 h to allow extract diffusion from the discs and then
the plates were transferred to a 37 ◦C incubator for 48 h.
The zone of inhibition was measured around the discs.
2.5.  Mineral  content
The mineral content of S.  persica  dried powder was
analysed for its chloride content according to the Mohr
method [26] and metals by digesting 0.5 g of dry Mis-
wak powder in a HNO3/H2O2 solution, according to the
method described by Pequerul et al. [27] and measured
the minerals by ICP-MS (7500cx, Agilent, JP) at the
Chemistry Department of Taibah University.2.6.  Statistical  analysis
The statistical analysis of samples was performed by
calculating the average of the three replicates for each
aibah U516 M. Abhary, A.-A. Al-Hazmi / Journal of T
event and the three repeats of each experiment with the
standard deviation. The “t” test for paired samples, sim-
ple regression and correlation factor “R” were used to
evaluate the differences and the association between the
samples, where P  values < 0.05 were considered statisti-
cally significant.
3.  Results
3.1.  Mineral  content
The mineral content profile of Miswak showed high
levels of chloride in the water extract (71 mg/g) and
lower levels in the ethanol extract (6.21 mg/g). Metals
and trace metals were also found in high concentra-
tions in the dried powder of Miswak as illustrated in
Table 2.
3.2.  Saliva  pH
The saliva pH of the collected samples was mea-
sured before and after gargling with the prepared Miswak
mouth wash. The usage of Miswak mouth wash showed
an increase of the saliva’s pH from an average of
6.93–7.28 for all 40 samples with a P  value < 0.001 and
a correlation R factor of 0.3.
3.2.1. Total  bacterial  count
The total bacterial count from the collected saliva
samples before and after using the Miswak mouth wash
showed a significant decrease in the total number of
surviving colonies for each sample with a correla-
tion coefficient (R) of 0.89 and P  < 0.001 as shown in
Fig. 1.
The addition of Miswak extracts, at the concentration
of 100 g/ml to the culture medium, negatively affected
the growth of bacteria from the saliva samples. The
plated saliva samples on LB agar supplemented with
100 g/ml water extract showed a reduction of bacte-
rial colony numbers by 42.5% and an R  value of 0.732
(P < 0.05), the ethanol extract reduced the bacterial num-
bers by 41.3% with an R  value of 0.758 (P  < 0.05) and the
hexane bacterial reduction was 19.4% with an R  value
of 0.716 (P  < 0.05). However, commercial toothpastes,
TP1 and TP2, also showed a reduction of 13.4% and
11.2% with R  values of 0.45 and 0.83, respectively, as
shown in Fig. 2. The effect of the saliva’s pH on the total
number of bacteria after using the Miswak mouth wash
is illustrated in Fig. 3, where there was a reduction in the
total number of bacteria and a reverse correlation with
the increase of pH (P  < 0.001).niversity for Science 10 (2016) 513–520
3.3.  Antibacterial  activity
The antibacterial activity and the zone of inhibi-
tion measurements were conducted by the disc diffusion
assay, where bacterial strains of E.  coli, L.  acidophilus,
Staph. aureus, Strep.  mutans  and P.  aeruginosa  showed
susceptibility to S.  persica  discs and water, ethanol and
hexane extract paper discs as shown in Fig. 4.
4.  Discussion
Miswak chewing sticks have been used for oral
hygiene since ancient times [2], providing clean teeth
[28], strong enamel [5], and protecting from pathogens
that enter the body through the mouth [29]. The unique
complexity of the Miswak phytochemicals and miner-
als, along with its long fibres, gives it an advantage as
a tool for oral and dental health care through providing
all of the necessary means of mechanical and chemical
cleaning and maintaining healthy teeth and gums. The
release of chemicals and minerals from Miswak at the
time of usage stimulates saliva production and buffers its
pH as shown in this study (Fig. 3), which confirms pre-
vious reports of similar findings [13]. As a consequence,
the antimicrobial activity of the released phytochemicals
reduces the total number of bacteria [23,25,29]. In this
study, when the saliva samples were collected after 45 s
of gargling with Miswak mouth wash, the total number
of bacteria in the saliva samples decreased by ∼83%
when compared to samples before gargling (Fig. 1). Sta-
tistically, the correlation R  factor value (0.89) indicates
a positive relationship between the change of pH and the
total number of the saliva’s bacteria with a P  < 0.001.
Although the total number of bacteria was reduced, the
pH is not the only factor affecting the bacterial numbers;
chlorides and minerals (Table 2) are more abundant in
the water extract of Miswak, which the mouth wash was
prepared from, along with water soluble antimicrobial
agents [15,21] that are all responsible for the reduction
of bacterial numbers (Fig. 1).
The solubility of antimicrobial agents in different
polarity solvents had different effects on the growth of
the bacterial flora in the collected samples (Fig. 2). To
investigate the effect of each extract on the selected
pathogenic bacterial strains, a disc diffusion assay
(Fig. 4) was conducted to illustrate the difference. The
results showed that water extract had the greatest effect
on all of the tested bacteria in all three concentrations
used, whereas the ethanol extract showed less inhibi-
tion, especially on L. acidophilus  and P. aeruginosa. The
hexane extract gave the least zone of inhibition among
the three solvents in this study, Staph.  aureus  showed
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Table 2
Metals (mg/g) and trace metals (g/g) found in S. persica.
Metals, mg/g Trace metals, g/g
Na 7.262 ± 0.002 Cr 18.05 ± 0.02 Zn 5.64 ± 0.02
Mg 1.569 ± 0.001 Mn 9.26 ± 0.03 As 0.74 ± 0.01
Al 0.051 ± 0.001 Fe 174.42 ± 0.01 Ag 5.14 ± 0.02
K 12.198 ± 0.002 Co 4.05 ± 0.02 Cd <0.003
Ca 4.126 ± 0.001 Ni 6.01 ± 0.02 Hg <0.005
Cu 6.13 ± 0.01 Pb <0.003
Fig. 1. Total count of bacterial colonies grown on LB plates for 48 h (CFU/100 l). Blue columns: saliva sample before gargling with Miswak mouth
wash. Red columns: saliva samples after gargling with Miswak mouth wash. R = 0.89, P < 0.001.
 after su
l
e
t
s
b
o
o
c
iFig. 2. Decreased growth of bacteria in percentage (%)
ess susceptibility to hexane extract than the water or
thanol extracts and P.  aeruginosa  was not affected by
he hexane extract at any of the concentrations used, as
hown in Fig. 4. The high value of the measured inhi-
ition zones in the alcohol extract confirms the results
f previous reports showing the effect of alcohol extract
n pathogenic bacteria [16]. These results indicate that a
ombination of antimicrobial agents with different polar-
ties exist in S.  persica  chewing sticks and act againstpplementing the LB media with 100 g/ml of extracts.
gram positive and negative bacteria [17]. For example,
the chloride concentration in the water extract was 11.5
times more than the ethanol extract, which suggests that
the solubility of such chlorides requires high polarity
solvents and indicates that high polar solutes are respon-
sible for inhibiting the growth of some bacterial strains,
such as L.  acidophilus  (gram +ve) and P.  aeruginosa
(gram −ve), which were more susceptible to the water
extract than the ethanol or hexane extracts. However,
518 M. Abhary, A.-A. Al-Hazmi / Journal of Taibah University for Science 10 (2016) 513–520
Fig. 3. Effect of saliva pH on bacterial numbers. (A) Before using Miswak mouth wash. R = −0.58, P < 0.001. (B) After using Miswak mouth wash.
R = −0.7, P < 0.001. Red line: pH. Blue line: bacterial count.
Fig. 4. Zone of inhibition for Miswak extracts. The effect of different solvents on tested bacteria strains.
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thanol extract was more effective against Strep.  mutans
gram +ve), which suggests that there are selective semi-
olar antimicrobial agents in S.  persica.
The water and ethanol solvents have a polarity index
f 9 and 5.2, respectively, whereas hexane has a 0 polar-
ty index according to Snyder’s polarity index. Metals
nd ions are expected to dissolve best in water, followed
y ethanol, but not in hexane. Nonpolar essential and
olatile oils are hydrophobic; therefore, they are more
ikely to be dissolved in hexane but not in water. Hexane
xtract had the least inhibition effect on the tested bac-
erial strains; P.  aeruginosa  (gram −ve) did not show
ny inhibition with hexane extract (Fig. 4), whereas
. coli  (gram –ve) was susceptible to hexane extract,
hich suggests that nonpolar solutes also have a selective
ntimicrobial activity.
.  Conclusions
The results of this study show that S.  persica  chew-
ng sticks (Miswak) have a broad antimicrobial activity
gainst gram positive and gram negative bacteria and
ontain more than one antimicrobial agent. Different
ntimicrobial agents have different polarity and solu-
ility in selected solvents. More detailed investigations
re required with fractionation studies using different
olar and nonpolar solvents to identify the content of
ntimicrobial agents in S.  persica.
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